A QSAR study was performed on sulphonamide-1,3,4- The compounds, ,3,4-thiadiazol-2-(N-benzoyl) sulphonamide (9a) and 5-(4-amino) benzenesulphonamido-1,3,4-thiadiazol-2-sulphonamide (10a) 
Introduction
About 0.5-1% of the world's population is affected by epilepsy, one of the most common neurological disorders, and characterized by recurrent seizure attacks. The drugs that are widely used for treating epileptic seizures have failed to adequately control seizures and have unfavourable adverse effects such as ataxia, hepatotoxicity, gingival hyperplasia and megaloblastic anaemia. The restrictive treatments of epileptic seizures in patients have led to researches to discover new agents with more effectiveness and lesser toxicity. [1] [2] Acetazolamide, a heterocyclic sulphonamide; 1,3,4-thiadiazole derivative, has carbonic anhydrase inhibitor activity and clinically used as diuretic agent and also used in treatment of absence seizures. It is also useful as an adjunct in the treatment of tonic-clonic, myoclonic, and atonic seizures, particularly in women whose seizures occur or are exacerbated at specific times in the menstrual cycle. However, its usefulness is transient often because of rapid development of tolerance. [3] The problem with acetazolamide therapy as an antiepileptic agent is that, it produce diuresis and electrolyte imbalance as an adverse effect.
At least 14 different carbonic anhydrase (CA) isoforms were isolated in higher vertebrates. Several important physiological and physico-pathological functions are played by many CA isozymes, which are strongly inhibited by aromatic and heterocyclic sulphonamides. hCA I and hCA II inhibitors involved in the anticonvulsant activity shown by many sulphonamide drugs with CA inhibitory properties. [4] [5] [6] [7] Among the few reports in the literature our attention was drawn to the earlier discovery by Robin Jr. R.O. and co-workers [8] [9] reported that, the only sulphonamides, unsubstituted on the sulphonamide nitrogen in acetazolamide are highly active as carbonic anhydrase inhibitors. The 1,3,4-thiadiazole and its derivatives possess wide variety of activities. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Furthermore, 1,3,4-thiadiazole nucleus itself exhibit anticonvulsant activity. [23] This increases our interest to design compounds from QSAR study and synthesize the compounds accordingly, having better therapeutic index for epilepsy treatment and very low diuretic activity.
In hope of getting anticonvulsant response of 1,3,4-thiadiazole nucleus itself, substitution of sulphonamide nitrogen at second position and chemically modifying fifth position acetyl group in to aromatic substituted sulphonamide group, that modification of sulphonamido group by some other chemical moiety or any substitution on sulphonamide nitrogen atom yielded structural analogues with loss of diuretic activity and will produce significant anticonvulsant activity.
We report herein designing, synthesis, antiepileptic activity and reduction in diuretic activity of acetazolamide derivatives; 5-[(4-acetamido)benzenesulphonamido]-1,3,4-thiadiazol-2-(N-benzoyl) sulphonamide (8a), 5-[(4-amino) benzenesulphonamido]-1,3,4-thiadiazol-2-(N-benzoyl)-sulphonamide (9a) and 5-(4-amino)-benzenesulphonamido-1,3,4-thiadiazol-2-sulphonamide (10a).
QSAR Study
Several 1,3,4-thiadiazole and sulphonamide derivatives were selected [26] for the study ( Figure 1 and Table 1 ) with the hope to obtain better antiepileptic agents with low dieresis. All physicochemical parameters of each compound from the series were calculated and subjected to stepwise, multiple and sequential regression analysis with respect to biological activity ( Table 2) . Correlation of each parameter was generated with biological activity and is summarised in Table 3 . The number of developed models was high, so further analysis was bases on statistically significant parameters, namely correlation coefficient (R), it's square (R 2 ), variance ratio (F), cross-validation method (Q 2 ) standard deviation based on predicted residual sum of squares (S PRESS ) and standard deviation of error of prediction (S DEP ). The parameters used in the model were almost independent, which can be seen from the Pearson correlation matrix (Table 4, Figure 2 ). 27 from the substituted acetanilides (6a-c) by sulphonation with chlorosulphonic acid. The crude product was used in the next step immediately. Modified SchottenBoumann synthesis method [26] [27] was used to synthesized Design and syntheses of some New Sulphonamide-1,3,4-thiadiazole Derivatives for their antiepileptic activity in maximal electroshock (MES) [28] [29] and subcutaneous pentylenetetrazole (scPTZ) [30] using a dose of 100 mg/kg. The same derivatives were also studied for their diuretic activity in conscious rats, by collecting urine for four hrs. The results of antiepileptic and diuretic activity are shown in Table 5 and Table 6 respectively.
Results and Discussion
The descriptors of 1,3,4-thiadiazole were found to have good correlation with biological activity for designing antiepileptic agent which are summarised in Table 3 . Herein the result of QSAR study for antiepileptic activity of the mentioned series are reported.
The Model II tested for 29 compounds as a test set. The predicted activity shows linear relationship with observed activity in the test set (R=0.9310) showing the robustness of the model. Henry's law constant (HLC), lowest unoccupied molecular orbital energy (LUMO) and Van der Waals energy (VDWE) have better correlation with biological activity and have low value of standard deviation. The data show (Model II) overall significant level greater than a 99.9 as it exceeded the tabulated F value and Q 2 value found to be greater than 0.5. The equation was validated by leave one out cross validation method and bootstrapping method as an internal validation, which gives statistically significant values.
Epileptic mediators are membrane based and increasing the lipophillic nature of antiepileptic drug molecule may improve its pharmacokinetic and pharmacodynamic properties. Increase in lipophilicity and minimum electronic interference increases antiepileptic activity suggested by positive value of HLC, VDWE and negative value of LUMO, as former two are molecular properties describing thermodynamic and later one is molecular property describing electronic parameters of the moiety. Normally both of parameters are referred to certain groups, thus substitution of bulkier, lipophillic, aromatic group will contribute to Scheme 2.
Scheme 1.
(10a-b) were obtained by hydrolysis of (9a and 9g) using 70 % sulphuric acid (Scheme 3).
The FT-IR spectra show S=O stretching at 1070 -1030, sulphonamide stretching at1177-1125 cm -1 , sulphonamide N-H stretching at 3385-3265 cm -1 , C-S stretching at 712-662 cm -1 , S=O stretching at 1128-1026 cm -1 , but C = O stretching peak at 1687-1513 cm -1 is absent in compounds (10a-b). The 1 H-NMR spectra of all compounds indicated expected peaks in the region of 1.249-1.254 δ ppm singlet of Ar-SO 2 NH, while multiplets of aromatic ring are in the range of 6.6-8.2 δ ppm. Thin layer chromatography (TLC) was run throughout the reaction to optimize the reaction for purity and completion.
Pharmacology
The synthesized derivatives obtained from the reaction sequence were administered orally into mice and evaluated pIC Calculated from Model II pIC Predicted
Design and syntheses of some New Sulphonamide-1,3,4-thiadiazole Derivatives HLC and VDWE. Furthermore, reduced electron density of -NH 2 (amine and sulphonamide) increases the electrostatic attraction for receptor. The LUMO descriptor indicates the strength and orientation behaviour of molecule in an electrostatic field. It is also important in determining the behaviour of the molecule in vicinity of molecule. Based on the above results, some new derivatives of 1,3,4-thiadiazole were designed and synthesized, accordingly as depicted in Scheme 1, 2 and 3.
In this series, all the analogues show more potent anticonvulsant activity while diuretic activity is absent. In the earlier reports it was highlighted that the only sulphonamides, unsubstituted on the sulphonamide nitrogen in acetazolamide [8] [9] are highly active as carbonic anhydrase inhibitors. It is also reported that presence of electron rich atom/group attached at the para position of the aryl ring showed increased potency in the MES screen. [31] [32] All the tested compounds were found to exhibit anticonvulsant activity in MES screening; however, compound 8c is more potent while compound 10b shows potency similar to standard drug (Phenytion). All the synthesized compounds were active in MES screen and showed recovery without any mortality. Compound 8c displayed activity in the MES screen with recovery of animals in 130.30 sec while compound 8g showed 100% incidence of recovery from mortality in the scPTZ test since animals does not produce any clonic convulsions. This compound exhibited rapid onset of action and long duration of activity. The most active compound in the scPTZ test, a test used to identify compound that elevates seizure threshold, were 8d and 8g. Experimental results indicated that our compound exhibited better anticonvulsant activity as compared to diuretics so could be better drugs compared to acetazolamide in treatment of convulsions (Table 5 ). All the compounds were screened for diuretic activity. In the diuretic study, compounds showed decrease in urine output up to 80% when compared to acetazolamide as reported in Table 6 . Generally compounds possessing higher log p value showed higher decrease in diuretic activity. Bulkier compounds are more lipophillic and can cross blood brain barrier to exert their Seizures are caused by abnormal stimulation of nerves in the brain by other nerves. Generally, anticonvulsants reduce the excitability of the neurons (nerve cells) of the brain. When neuron excitability is decreased, seizures are theoretically reduced in intensity and frequency of occurrence or, in some instances, are virtually eliminated. [1] CA isozymes, which are strongly inhibited by aromatic and heterocyclic sulphonamides. hCA I and hCA II isoenzyme inhibitors involved in the anticonvulsant activity, shown by many sulphonamide drugs with CA inhibitory properties. [4] [5] [6] [7] The synthesized compounds showed antiepileptic effect, may be due to their inhibitory effect on brain carbonic anhydrase; specifically inhibition of hCA I and hCA II isoenzyme, leads to an increased transneuronal chloride gradient, increased chloride current, and increased inhibition.
Experimental Protocols

QSAR Study
a) The dataset and parameters. The CA inhibition data of sulphonamides and 1,3,4-thiadiazole data have been reported in terms of inhibitory concentration of 50% of enzyme inhibition (IC 50 in micromoles). The inhibition data were converted to negative logarithmic values (concentration in moles). These values were used for subsequent QSAR analyses as response variable. The models for CA-IV inhibition were constructed based on the training set and the generated models were then validated: internally (using the leave one out technique) and externally (predicting the activities of the test set). [28] [29] [30] 33] Molecular structure were generated and optimised with CS Chem Draw Ultra 6.0 and Chem 3D Ultra (Cambridge Soft.) respectively, [34] first by molecular mechanics (MM2) and re-optimised by MOPAC-AM1 until the root mean square (RMS) gradient value becomes smaller than 0.0001 kcal/mol . Å. b) Statistical computation. The relationship between response variable (as a dependent variable) and various physicochemical as well as structural descriptors (as independent variables), were established by step-wise linear multiple regression analysis using SYSTAT 10.2 and VALSTAT running on a Pentium 4 processor (CPU 3.0 GHz HT).
[35-36] Significant descriptors were chosen on the basis of statistical data of analysis. [37] [38] Model I pIC= [5. Figure 2) . Two best models were selected from series, out of which Model II is selected as the best. Since, this model has better statistically significant value, minimum standard deviation, low variance, and statistically significant F value.
Synthetic Study
Melting point was determined in one end open capillary tubes on a Thermonik Precision melting point apparatus (C-PMP-2, Mumbai, India) and are uncorrected. Infrared (IR) spectra were recorded for the compounds on Shimadzu FT-IR 8400s spectrophotometer in KBr. 1 H nuclear magnetic resonance ( 1 H NMR) spectra were recorded for the compounds on Varian EM-390 apparatus. Chemical shifts are reported in parts per million (ppm) using tetramethylsilane (TMS) as an internal standard. Elemental analysis (C, H, N and S) were undertaken with Elemental Vario EL III Carlo Erba 1106 analyzer. The purity of the compounds was confirmed by thin layer chromatography using silica gel glass plates and a solvent system of benzene: ethanol (8:2). The spots were developed in iodine chamber and visualized under ultra violet lamp. The log p values were determined using ChemDraw software General procedure. 5-(4-Amino)benzenesulphonamido-1,3,4-thiadiazol-2-sulphonamide was synthesized in following sequence:
-[ ( 4 -A c e t a m i d o ) b e n z e n e s u l p h o n a m i d o ] -1 , 3 , 4 -thiadiazol-2-(N-benzoyl)-sulphonamide (8a).
[5-Amino-1,3,4-thiadiazol-2-[N-benzoylsulphonamide] (4a) was suspended in a 1:1 mixture of acetone-water, and the stoichometric amount of 4-acetamidobenzenesulphonyl chloride (7a) and base was added concomitantly. The reaction mixture was magnetically stirred for several hours, the solvent was evaporated, then the pH was adjusted to 2 with 5N hydrochloric acid and the recrystallised from aqueous ethanol.
5-[(4-Amino)benzenesulphonamido]-1,3,4-thiadiazol-2-(Nbenzoyl)sulphonamide (9a).
The synthesized compound, (8a) (2.0 g, 0.0041 mol) was dissolved in 20 % aqueous sodium hydroxide and refluxed for 45 minutes, allowed to cool and acidified with dilute hydrochloric acid, to precipitate out the hydrolyzed product (9a), which was separated by filtration at vacuum, and recrystallised.
5-(4-Amino)benzenesulphonamido-1,3,4-thiadiazol-2-sulphonamide (10a).
The compound (8a) (2.0 g, 0.0042 mol) was refluxed with 10-15 mL of 70 per cent sulphuric acid (3:4 by volume) for 30 minutes, allowed to cool, filtered off and rendered the filtrate alkaline with 10-20 per cent sodium hydroxide solution. The precipitate thus formed was filtered at vacuum and recrystallised to obtained compound (10a).
Adopting the above procedures, other compounds (8b-g), (9b-g) and (10b) were synthesized and characterized. The characterized data of these compounds are as follows: C-H), 3500-3220 (heteroaromatic N-H 140.3, 136.2, 134.2, 134.2, 132.4, 128.9, 128.8, 127.7, 127.6, 127.3,  126.3, 123.0, 22.6, 16.2 . N-H), 1708 (heteroaromatic C=N),  972-846 (C-N), 2894 (C-H) . λ max (chloroform) (lgε)/nm 273. 154.1, 140.8, 138.4, 134.3, 132.2, 128.6, 128.4, 127.6, 127.3,  125.3, 115.6, 112.8 
N-[(5-amino-1,3,4-thiadiazol-2-yl)sulfonyl]benzamide (4a
N-{[5-({[4-(acetylamino)phenyl]sulfonyl}amino)-1,3,4-thiadiazol-2-yl]sulfonyl}-4-chlorobenzamide (8b)
.
N-{[5-({[4-(acetylamino)-5-chloro-2-methylphenyl]sulfonyl} amino)-1,3,4-thiadiazol-2-yl] sulfonyl}-4-chlorobenzamide (8f).
Pharmacology
The anticonvulsant evaluations were undertaken using reported procedure. [28] [29] [30] 33] Male albino mice (CF-1 strain or swiss, 25-35 g) and rats (Sprague-Dawley or Wistar, 100-150 g) were used as experimental animals. The tested compounds were suspended in polyethylene glycol 400.
Anticonvulsant screening. Initially all the compounds were administered orally in a volume of 100 mg/kg body weight of mice, 60 min prior to the electroshock. The electroshock induced in animal by passing a current of 45 mA for 0.2 sec duration through electroconvulsiometer (Techno India) using corneal electrodes. The following phases in sequence and time in each phase (in seconds) was noted. [39] [40] [41] 1. Tonic flexon : Contraction of muscle throughout the body and forelimbs. 2. Tonic extension : Extension of extremities.
Clonus
: Stage of relaxation after extension.
4. Stupor : Stage of unconsciousness before recovery (Generally more than one minute).
While in scPTZ test, all the drugs were administered orally 30 min prior to the administration of pentylenetetrazole (6 mg/kg) by subcutaneous injection. The animals were observed for 1 and 3 hour by placing in a separate cage. The duration of seizures (tonic-clonic convulsions) were recorded. [42] Activity was established using the MES and scPTZ test and these data are presented in Table 5 .
Diuretic activity. The Lipschitz method was employed for the assessment of diuretic activity. [43] The rats were deprived of food for 18 h and tap water ad libitum was allowed. The urine was collected quantitatively for a total period of four hours and the urine collected of initially of 20 min. was discarded. [44] The effect of the compounds was compared with standard and the control group. The ratio (T/C, T/S) of urine volume of treated and control group was determined. [45] [46] The results are shown in Table 6 .
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